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@) Fast arbiter having easy scaling for large numbers of requesters, large numbers of resource types 
with multiple instances of each type, and selectable queuing disciplines. 

St) A fast arbiter having a selectable queuing descipline and capable of being easily scaled to both large 
numbers of requesters and large numbers of types of resources where there are multiple instances of 
each type of resource, is provided by a request logic drcurt coupled to each requester, thereby forming 
a plurality of request logic circuits ; a grant logic circuit is coupled to each instance of the plurality of 
types of resources, thereby forming a plurality of grant logic circuits ; a broadcast medium transfers 
infonnation among the plurality of request logic circuits and the plurality of grant logic circuits. During 
a first (^e. request logic circuits enable a selected requester to broadcast are quest onto the broadcast 
medium for the preselected type of resource. During a second cyde, grant logic circuits enable a first 
grant logic circuit to broadcast queue position information on the broadcast medium for the 
preselected type of resource, and the queue position information for the preselected type of resource is 
hereinafter referred to as a first queue position information. 



CM 
< 

CO 

o 

CO 



a. 

UJ 



BNSDOCIO; <EP 0463943A2J_> 



Jouve. 18, rue Saint-Denis, 75001 PARIS 




I 

I 

I 
1 



JJ«:OOCSTE. lE 



J.-, I 



'-- ' 



REOUCSTCP M 



^ PESOURCC M 



"Hi 
* I 

5 1 



E 



iJ OEOUESTtl 
peU3uflCC ACCESS PAK 



ACCESS PATHl^ao 



J COWTPOCCCP r 



BNSOCOO; <EP 0463943A2 I > 



EP 0 463 943 A2 




BNSOOCIO: <EP__04639A3A2J_> 



EP 0 463 943 A2 



P| 

o 
o 



2 

o 



< 

to 



LJ OC 

Qi(/)I<50 111 luqjw 
00<J^>OnOO<<^ 



-m2LL<-V 



cc 



UJ- 

oo 

LU-I 



o7 



6 



z- 
(HO 



cnj7 



.00 
CVJ 









q: 


Uj o o 


U 


? 2 ^ 


iL 


-» o ^ 


iL 


a: 


m 


0- 





a 
a. 
< 
o 

z 



I- 

UJ- 
DO 

CO 
UJ-J 

01 



67 



n 



c 



QlO 



cm7 

CM 



T 



.GO 
CVJ 



-J 




CM 0 




UJ Oo 


LI 


- 2^ 


U. 


^o< 


U. 


q: 


CQ 


Q. 






CM 
O 

< 
O 

UJ 

z 



i. 



DO 
OO 
UJ_| 



67 



CM 
CM 



o 



£2 

QiO 
(D-l 



cvjj 

CM 



.00 
CM 



C 

UJ 

z 



-I 
O 

o 

O 
I- 

o 

q: 



UJ 

u. 

Ul 

=> 
CQ 




c 
O 

< 

O 

UJ 
z 



in 
d 



29 



BNSOOCID: <EP 0463943A2,I,> 



BP 0 463 943 A2 




BNSOOCID: <EP 0463943A2_I_> 



EP 0 463 943 A2 




EP0463 943 A2 




O 
O 

CO 

O 
li. 



25 



BNSOOCIO: <EP (M63943A2J_> 



EP0 463 943 A2 




CO 
O 



o 



111 

Z> 

O 
Ui 

a: 



'cm ^ o ^ 

I 8t 

0^ hi 



o 

(O 



CM 
(0 



24 



BMSOOOa <EP 0463943A2_I.> 



EP 0 463 943 A2 




BNSOCC(D;<EP 0463943A2 I > 



EP 0 463 943 A2 




FIG. 1D 
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medium with the stored queue position information and stored resource type indication in the request 
processing unit, respectively; and 

j) coupling the requester to the resource when said comparison matches. 

5 21- A method according to daim 20 further comprising the steps of 

a) designating a responder resource whenever more than one of said grant processing units matches 
the resource type from the common broadcast medium; and 

b) broadcasting the queue position Infonmation on the common broadcast medium by said responding 
resource. 

10 

22. A method according to claim 20 further comprising the step of comparing in said grant processing units 
the queue position information in each grant processing unit of the same resource type group with said 
queue position information broadcast on the common broadcast nvedium when the comparison does not 
match. 

15 
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15. The arbitration apparatus according to daim 9 further comprising: 

a) a resource type group containing more than one of said plurality of resources; 

b) a responder register, containing a responder designation, in said grant processing units associated 
with said more than one of said plurality of resources, said responder register designating one of said 

5 more than one of said plurality of resources to respond to the resource type request signal when it is 

broadcast on the common broadcast medium by one of said plurality of request processing units. 

16. The arbitration apparatus according to daim 9 further comprising a resource access path, said plurality 
of resources and plurality of requesters being coupled to each other through said resource access path 

10 in the order controlled by the arbitration mechanism. 

17. The arbitration apparatus according to daim 9 wherein said common broadcast medium, comprises: 

a) a first bus; and 

b) a second bus, said first and second buses operate to transfer information between the request pro- 
fs cessing units and the grant processing units. 

18. The arbitration apparatus according to claim 17 wherein said arbiter indudes at least one sub-arbiter for 
each of said buses In the common broadcast medium. 

20 Id. A computer system induding an arbitration mechanism for granting access through a resource access 
path,compnsing: 

a) a plurality of requesters; 

b) a plurality of resources having a resource type; 

c) a plurality of request processing units, one assodated with each one of said plurality of requesters, 
25 for receiving a resource type request signal from said assodated requester; 

d) a plurality of grant processing units, one associated with each one of said plurality of resources, for 
monitoring a status signal from said associated resource; 

e) a common broadcast medium coupled to said plurality of request processing units and said plurality 
of grant processing units; 

30 f) an arbiter for granting access to said common broadcast medium to one of said request processing 

units and grant processing units; said plurality of request processing units and said plurality of grant 
processing units using said common broadcast medium to control the coupling order between the 
plurality of resources and the plurality of requesters in a first come, first served manner; and 
g) a controller for coupling the plurality of resources to the plurality of requesters through the resource 

35 access path in the order controlled by the plurality of request processing units and the plurality of grant 

processing units. 

20. A method for coupling a plurality of resources to a plurality of requesters through a resource access path 
in a first-come, first served order, the method comprising the steps of: 
40 a) receiving and storing a request type signal induding a resource type indication in a request proces- 

sing unit associated with one of said plurality of requesters; 

b) monitoring a busy status signal by a grant processing unit associated with one of said plurality of 
resources; 

c) requesting access to a common broadcast medium by said request processing unit; 

45 d) broadcasting the request type signal onto the common broadcast medium upon being granted access 

to the common broadcast medium; 

e) comparing the request type signal with a resource type assodated with each one of said grant pro- 
cessing units; 

f) broadcasting queue position information for one of said resources on the common broadcast medium 
50 when the comparing step of step (e) indicates a match between a resource type conres ponding to the 

one of said resources and the broadcast request type signal and storing the queue position infom^tion 
in the request processing processing unit; 

g) determining an outstanding request for the one of said resources when the monitoring step of step 
<b)indicates a non-busy status of the one of said resources; 

55 h) requesting access to the common broadcast medium and broadcasting current queue position infor- 

mation and the resource type for the one of said resources on the common broadcast medium when 
the access request is granted; 

i) comparing the current queue position information and resource type on the common broadcast 

17 
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means, responsive to said preselected resource becoming free and prepared to serve a requeter. 
for a second grant logic circuit to twoadcast on said broadcast medium an indication that said preselected 
resource is prepaied to serve a requester, said indication that said preselected resource is prepared to 
serve a requester is hereinafter referred to as a third queue position mfonmation; 
5 means, responsive to said second queue position information and responsive to said third queue 

position information, for granting access to said selected one of said requesters to use said preselected 
resource. 

d. An arbitration apparatus for contrdling a coupling order between a phirality of resources and a plurality 
10 of requesters, comprising: 

a) a plurality of request processing units, one associated with each one of said plurality of requesters, 
for receiving a resource type request signal from said associated requester; 

b) a plurality of grant processing units, one associated with each one of said plurality of resources, for 
monitoring a busy status signal from said associated resource; 

is c) a common broadcast medium coupled to said plurality of request processing units and said plurality 

of grant processing units; and 

d) an arbiter for granting access to said common broadcast medium to one of said request processing 
units and grant processing units; said plurality of request processing units and said plurality of grant 
processing units using said common broadcast medium to control the coupling order between the 
20 plurality of requesters and the plurality of resources in a first come, first served manner. 

10- The arbitration apparatus according to daim 9 wherein each one of said grant processing units includes 
a storage device containing resource type information, current queue position information and next avail- 
able queue position information for controlled broadcast on the comnwn broadcast medium. 

25 

11. The arbitration apparatus according to daim 10, further comprising: a resource type register in each one 
of said request processing units and wherein said resource type request signal further Indudes: 

a) a request signal; and 

b) a resource type signal; 

30 said resource type signal being stored in said resource type register for controlled broadcast on the com- 

mon broadcast medium when the corresponding request processing unit receives the request signal from 
an assodated requester. 

1Z The arbitration apparatus according to daim 1 1, further comprising 
35 a) a queue position register in each one of the request processing units to receive and store next avail- 

able queue position information from one of said grant processing units after a resource type request 
signal is broadcast by a corresponding request processing unit; and 

b) a comparator operating to compare the next iavailable queue position information stored in the queue- 
position register to current queue position infomiation broadcast by the one of said grant processing 

40 units. 

13. The arbitration mechanism according to daim 1 2 further comprising: 

a) a requester ID register in each of one of said request processing units for storing a requester ID for 
the assodated requester and 
45 b) a resource ID register in each of one of said grant processing units for storing a resource ID for the 

assodated resource: and 

c) each one of each of the plurality of request processing units and the plurality of grant processing units 
operating to controllably broadcast the requester ID and the resource ID. respedively, on the common 
broadcast medium. 

50 

14. An arbitration apparatus according to daim 1 3. further comprising: 

a) a first increment logic associated with the storage device, said first increment logic inaementing the 
cuirent queue position infonnation whenever said current queue position infomiation is broadcast on 
the conmon broadcast medium; and 
55 b) a second increment logic associated with the storage device, said second incrennent logic increment- 

ing the next available queue position information whenever said next available queue position infor- 
mation is broadcast on the common broadcast medium. 

16 
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that a free instance of said preselected type of resource is prepared to serve a requester is hereinafter 
referred to as a third queue positbn information (74); 

means, responsive to said second queue position infomiation and responsive to said third queue 
position information, for granting access (55) to said selected one of said requesters to use said free inst- 
ance of said preselected type of resource. 

The apparatus as in Claim 1 further wherein: 

said queue position information further comprises a ticket number for said preselected resource; 

said means for granting access to said selected one of said requesters to use said free instance 
of said preselected type of resource grants said access in response to said second queue position infor- 
mation conresponding to said third queue position information. 

The apparatus as in Claim 1 further wherein: 

said first queue position information is a queue position fora next customer and said third queue 
position infomf^ation is an indication of the type of resource having a free instance; 

said means for granting access to said selected one of said requesters to use said preselected type 
of resource grants said access in response to said request logic circuit coupled to said selected one of 
, said requesters counting said third queue position information indicating that an instance of said preselec- 
ted type of resource has become free, and in response to a result of said counting corresponding to said 
second queue position. 

The apparatus as in Claim 3 further wherein: 

said counting by said means for granting access is done by decrementing said second queue posi- 
tion information; 

said access is granted when a decremented value of said second queue position information equals 
a predetermined number. 

The apparatus as in Claim 1 wherein said second queue position information is incremented by said 
request logic circuit in response to a broadcast on said broadcast medium of a new queue position infor- 
mation for said preselected type of resource, whereby access is granted to said requesters in a last in first 
out queuing discipline. 

The apparatus as in Claim 1 further comprising: 

means for designating one grant logic circuit, of those grant logic circuits coupled to instances of 
said preselected type of resource, as said first grant logic circuit to respond to said request for said pre- 
selected type of resource, said first grant logic circuit hereinafter referred to as said designated grant logic 
circuit. 

The apparatus as in Claim 1 further comprising: 

a sub arbiter to arbitrate access to said broadcast medium by said plurality of request logic circuits 
and said plurality of grant logic circuits, whereby broadcasting on said broadcast medium is facilitated. 

Apparatus for arbitrating access among a plurality of requesters and a plurality of resources, comprising: 
a request logic circuit coupled to each said requester, thereby fomning a plurality of said request 
logic circuits; 

a grant logic circuit coupled to each said resource, thereby forming a plurality of said grant logic 
circuits; 

a broadcast medium for transferring infomnation among said plurality of request logic circuits and 
said plurality of grant logic circuits; 

means, responsive to a selected one of said requesters desiring to use a preselected resource, for 
said request logic circuit coupled to said selected requester to broadcast a request onto said broadcast 
medium for said preselected type of resource; 

means, responsive to said broadcast of said request, for a first grant logic circuit to broadcast queue 
position infonfnation on said broadcast medium for said preselected resource, said queue position infor- 
mation for said preselected resource is hereinafter referred to as a first queue position infomrtation; 

means, responsive to said broadcast of said first queue position information, for said request logic 
circuit coupled to said selected requester to store said first queue position information, said stored queue 
position infonmation hereinafter referred to as a second queue position information; 
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The Ethernet Carrier-Sense-Muttiple 

Access/Collision-Detect arbitration scheme descrit>ed above can act as the grant bus and request bus arbi- 
terfor the arbitration mechantsnv The muttiplexers 457 combine messages onto the common bus medium 458 

5 such that the necessary Infomiation needed by the request bus, grant bus and resource access path functions 
IS supplied to arbitrate the order of coupling between the workstations and to selectively couple the workstations 
for conununication between selected requester and resource workstations. 

All of the functionality provided by the logic blocks 455«456 and the multiplexer 457 associated with a work- 
station 450-453 can be implemented in software executed by the workstation 450-453. 

10 The arbitration scheme of the present invention, particulariy as illustrated in Fig. 6. can also be used in a 
multi-processor system wherein CPUs and I/O devices are partitioned into resource types conresponding to 
tasks. The CPU's and I/O devices are the resources, the tasks are the resource types and any appropriate com- 
nmjnlcation path of the multi-processor system, such as the back plane bus. Is the resource access path. 
In addition, each one of a set of disk drives, which together support multiple copies of a disk volume for 

15 enhanced perfonnance and reliability, can be a resource. The resource type would then t>e the entire set of 
disk drives supporting the multiple copies. Writes to all disk drives in the set would be synchronized in accord- 
ance with known procedures so that each disk drive of the set contains the san\e data Read requests to the 
set would be arbitrated in accordance with the arbitration scheme of the present invention to grant access to 
one of the disk drives (the resource) in the set(the resource type). When a cross bar switch is used as the 

20 resource access path, as in the embodiment of Fig. 4, several disk reads and a new read request arbitration 
could be In progress simultaneously. 

A still further example of the Invention Is provided by a modtficatk>n of Example 2 hereinabove, and provides 
a last in first out queuing discipline. During Cyde 2, as additional requests for the resource type are broadcast, 
the request logic circuits increment their stored queue posittons. The first-in requester then will have the largest 

25 Stored queue position, and will therefore be the last requester to be served by an instance of the requested 
resource type. This example provides a first in last out queuing discipline. 

An even further example of the arbiter is given by implementing an algorithm during Cyde 2 to select, a 
desired ticket number as in Example 1. The algorithm, along with action of the request togic circuits.may be 
annanged to implement a great range of queuing disdplines. 

30 It is to be understood that the above-described embodin\ents are simply illustrative of the prindples of the 

invention. Various other modiftcation and changes may be made by those skilled in the art which will embody 
the prindples of the invention and fall within the spirit and scope thereof. 

35 Claims 

1. Apparatus for arbitrating for establishment of access between a plurality of requesters (12) and a plurality 
of types of resources (1 8), each said type of resource having at least one instance, said apparatus charac- 
terized by: 

40 a request logic drcuit (40) coupled to each said requester,thereby forming a plurality of said request 

logic circuits; 

a grant logic drcuit (42) coupled to each said instance of said plurality of types of resources, thereby 
fomning a plurality of said grant logic drcuits; 

a broadcast medium (50) for transfenring infonnatibn among said plurality of request logic drcuits 
45 and said plurality of grant logic circuits; 

means, responsive to a selected one of saW requesters desiring to use a preselected type of 
resource, for said request logic drcuit coupled to said selected requester to broadcast a request onto said 
broadcast medium for saki preselected type of resource; 

means, responsive to said broadcast of said request, for a first grant logiccircuit to broadcast queue 
50 position Infomnation on said broadcast medium for said preselected type of resource, said queue position 

infonnatk)n for said preselected type of resource is hereinafter referred to as a first queue position infor- 
mation (72); 

means, responsive to sakl broadcast of said first queue positk>n informatton, for said request logic 
circuit coupled to said selected requester to store said first queue position information, said stored queue 
ss position infomnation hereinafter refenred to as a second queue position information (56); 

means, responsive to an instance of said preselected type of resource becoming free and prepared 
to serve a requester, fora second grant logic circuit to broadcast on said broadcast medium an indication 
that a free instance of sakJ preselected type of resource is prepared to serve a requester, said indication 

14 
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A!so the number of resource types which the example of the arbiter shown in Figure 3D can handle may 
be doubled by increasing the length of the following registers by one bit:Resource Type Register 54 in the 
request logic circuits; and in the grant logic circuits. Resource Type Register 76 and Resource ID Register 78. 

As a third example of scaling « the number of instances of a resource type may be doubled. In both the embo- 
5 diment shown in Figure 3 and the embodiment shown in Figure 3D, the number of instances of a resource type 
may be doubled by inaeasing the length of the following register by one bit, Resource ID Register 78 in the 
grant control logic circuits. 

Additionally, the broadcast medium 50 and the sub arbiter for the broadcast medium must be capable of 
handling the longer register lengths; that Is, in the examples of the invention shown In Figure 3 and Figure 3D 
10 request bus 44 with sub arbiter 44 and grant bus 55 with sub arbiter46 must be able to handle the longer register 
lengths. 

Referring now to Figure 5, there is fliustrated an arbitration mechanism of the type illustrated in Figure 2 
specifically adapted to arbitrate access to a specific type of resource, namely, one of a plurality of communi- 
cation lines 400. Each of the communication lines 400 couples a corresponding line protocol and buffer device 

15 401 to a user station 402. Each of several communication lines 400 can fonm a hunt or a trunk group 403. i.e. 
each of the communication lines 400 of the trunk group 403 Is coupled, atone end. to a corresponding line pro- 
^ tocol and buffer devise 401 and all of the communication lines 400 of the trunk group 403 are coupled, at the 
other ends, to a single user station 402. In this arrangement, each user station 402 is considered a resource 
type and all of the communication lines 400 coupled to a particular user station 402 are considered resources 

20 within the resource type represented by the particular user station 402. 

As illustrated in Figure 5. each line protocol and buffer device 401 Is coupled to a request logic block 40 
and a grant logic block 42. as described above with respect to Figs. 1 D so that the assodated communication 
line 400 can be either a requester or a resource. Each request logic block 40 and grant logic block 42 is. In 
tum, coupled to a common broadcast medium. The request logic blocks 40. grant logk: blocks 42 and common 

25 broadcast medium 50 can operate pursuant to anyone of the systen^ of Figures 3, 3d. and 4 to artiitrate the 
order of coupling between anyone comnmink:atk>n line 400 and any other conrvnunication line 400. The coupling 
between partk;ular communication lines 400 is achieved through the corresponding line protocol and buffer 
devices 401 which are each coupled to a resource access path 14. The resource access path 14 may comprise, 
for example, a cross bar switch or one or more shared buses as illustrated in Figs. 1 and 4. The control of the 

30 resource access path 14 after the resource ID and requester ID information is placed on the conunon broadcast 
medium during cyde 4 can be as described above with respect to any one of Figs. 1, la or lb. 

Moreover, as also illustrated in Fig. 5. a plug-in logic board 475 can be used to couple resources/requesters 
via a distributed nmplementation of resource arbiter 10. The logic board 475 includes a request togic block 40 
and a grant logic block 42 which are coupled to the broadcast medium 50 and to access path 14. For example. 

35 the broadcast medium 50 and access connectk>n 1 4 may t>e in a backplane bus in an ordinary electronic drcuit 
card cage. As a further example shown in Rg. 5, a single entity may be both a requester and a resource, as 
for example a commun nations line 400. And by using a plug-in line card 475 into a back plane bus in an ordinary 
eledronic card cage makes a particulariy convenient method of adding communicatbns lines. 

Referring now to Figure 6, there is illustrated in block diagram form a distributed workstation system incor- 

40 poratingthe arbitration nr>echanism of the present invention. A plurality of workstations 450, 451 . 452, 453 are 
partitioned according to the type of service each workstation 45&453 is to provide to users of the entire system. 
For example,workstations 450, 451 can each t>e coupled to a large disk system 454 to provide data base ser- 
vices, while worlcstations 452, 453 are dedicated to batch job processing. Any number of other workstations 
may be included in the system and assigned any number of different services to be made available to users 

45 of the system. 

Each workstation 450-453 is coupled to a request logic block 455 and a grant logic block 456. In additbn. 
each workstation 450-453 and its associated request logic block 451 and grant logic block 456 are coupled to 
inputs of a multiplexer 457, which combines messages from these sources. An output of each multiplexer 457 
is coupled to a common bus medium 458 such as an Ethernet LMi. 

50 Each request logic block 455 and grant logic block 456 may comprise a request logic block 40 and grant 

togic block 42,as illustrated in either of Figs. 3 and 3a. respedively. The logic blocks 455, 456 operate according 
to the four cyde mode of operation described above with resped to Figs. 3 and 3a. respectively, to arbitrate 
the order of coupling t>etween any one workstation 450-453 which requests a type of service and one of the 
workstations which provides the requested service. Of course, the resource type informatnn transmitted from 

55 a particular workstation 450-453 to its associated grant logic block 455 will indicate the type of service required 
by the particular woricstation 450-453. Examples of resource types include disk server, file server.licensed 
software server, etc. 

13 
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The grant control logic device 70 of each resource grant logic device 42 of the requested resource type 
operates to cause the decrement logic device 204 to decrement the number in the queue length register 202 
to reflect the completion of the servicing of a request The comparator 205 compares the decremented number 
to zero, and if the number is less than zero, the grant control logic 70 asserts an error signal on error line 1 1 0. 

5 During cyde 4 the contents of the requester ID register 58 is place on data line 108 of the request bus 53 

and the contents of the resource ID register 78 of the grant logic vi^inning the arbitration on cyde 3 is placed 
on the data line 114 of the grant bus 55 to enable the coupling of the requester 12 to the resource 16 through 
the resource access path 14 (See Figures 1. la. lb). 

The lower entry in Table 1 summarizes operation of the second example of the invention. Refer now to the 

10 lower entiy in Table 1. As in Example 1. during Cyde 1 a requester broadcasts, after being granted access to 
the broadcast medium by a sub arbiter, a request for a resource type. 

Cyde 2 then begins, and a designated grant logic circuit broadcasts a queue position for a next customer. 
This queue position is the length of the line of requests waiting for the requested resource type. Also dunng 
Cyde 2. Uie request logic drcuit reads the queue position from the broadcast medium and stores it as a stored 

IS queue position. 

An a synchronous wait then takes place while an instance of the requested resource type finishes a pre- 
vious request and becomes avaSable to serve another requester. Cyde 3 begins when an instance of the 
requested resource type becomes available to serve another requester, and the designated grant logic circuit 
broadcasts after being granted access to the broadcast medium by a sub arbiter, an identification of the 
20 resource type. All request logic drcuits listen to the broadcast medium, and all request logic drcuits waiting for 
that particular resource type decrement their stored queue position. The decremented result is compared with 
a fixed number, and the one request logic drcuit having a match notes that fact 

Then during Cyde 4 access of the requester to the available instance of the requested resource type is 

granted. _ . , 

Referring now to Figure 4. there is iBustrated another embodiment of the computer system. The system of 
Figure 4 IS identical to the system of Figure 1 except that the resource access path comprises a crossbar switdi 
300 to provideapoint^o-pointcouplingfrom any requester 12to any resouroeievia buses 301, 302 and bus|^^^^ 
303 304, 305, 306. The system of Figure 4 processes requests as m cydes 1-4 of either of Figures 3 or 3A, 
as described above. However, in this embodiment during cyde 4. the re<juester ID and the resource ID are 
input to the access path controller 20 whidi operates Id control the crossbar switdi 300 to couple the identified 
requester 12 to the idenfified resource 16 by dosing a path between one of buses 301-302 and one of buses 
303-306. 

The crossbar switdi arrangement greatly enhances the speed of operation of the computer system since 
the crossbar switdi 300 can operate to form multiple couplings at the same time sudi that several requesters 
can communicate with several resources simultaneously. Indeed, the crossbar switch 300 provides a potential 
coupling path between eadi requester and eadi resource via buses 301-302 and buses 303-306. Thus when 
a particular requester wins access to a particular resource through the operation of the resource arbiter 10 the 
resource is necessarily free and the crossbar switdi 300 can be operated by the access path contrdler 20 to , 
immediately couple the particular requester to the particular resource whOe maintaining other couplings be- 
tween different requesters and resources. The crossbar switch 300 can support multiple connections between 
requesters and resources. i. , 

The easy and natural scaling of the present invention to large numbers of requesters, large numbers of 
resource types,and large numbers of instances of various resource types will now be described. 

The number of requesters in the system can be doubled by simply increasing the length of a few registers 
by one bit And further, the number of requesters can again be doubled by adding another bit to the length of 
the registers, and so forth. u t t 

As a first example, the embodiment of the invention shown in Figure 3 may have the number of requesters 
that the art)iter can handle doubled by inaeasing the length of Requester ID Register 58 by one bit And in 
order to double the length of the queues supported by the art)iter. Queue Position Register 56. Next Available 
Queue Position Register 74. and Current Queue Position Register 72 must be each made one bit longer. 

Also the number of resource types whidi the example of the art)iter shown in Figure 3 can handle may be 
doubled by increasing the length of the following registers by one bit each: Resource Type Register 54 in ttie 
request logic drcuits; and in the grant logic drcuits Resource Type Register 76. and Resource ID Register 78. 

As a second example, the embodiment of the invention shown in Figure 3D may have the number of reques- 
ters that the artiiter can handle doubled by increasing the length of Requester ID Register 58 by one bit And 
the length of queues supported by the art)iter may be doubled by increasing the length of the following registeis 
by one bit: queue Position Register 200 in the request logic drcuits: and queue Length Register 202 m the grant 
logic drcuits. 
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resource ID register 78 onto the grant bus 55 data lines 114. The data lines 114 are wide enough to accom- ^ 
nnoddte t>oth the requester ID and the resource ID. 

If there Is no tnaich on cycle 3, the Information on the data lines 1 14 oh cyde 4 is not nr^aningful. 

The request logic block 40 sends a grant signal 26 to the requester 12 (See Fig. 1). Because both the 
requester ID and resource ID are on the grant bus 55. the connection from requester to resource can be made 
over the resource access path 14 via any one of the embodiments illustrated in Figures 1, 1A and IB. More 
specifically, the connection between the requester and the resource through the resource access path can be 
made by the access path controller 20. the requester 12, or the resource 16 depending upon which component 
receives the requester ID and the resource ID infonmation. 

It should be clear that the example of Figure 3 describes only a single request for a particular resource 
type and that the number of requests for various resource types through the resource arbiter 10 can be very 
large while having a very fast response. In particular, with two buses each handling two cycles of the connection 
sequence, the number of arbitrations per second that can be accomplished is 1/(2N)where N = time for one 
bus cyde. If N = 200Ns Uie number of arbitrations achievable is 2.5 million/sec. 

A second example of the invention Is shown in Figure 3D. The example of the invention shovwi in Figure 
3D also is a First In First Out queuing discipline. 

. . Referring now to Figure 3D, there is illustrated a further emlxxJiment for the requester logic block 40 and 
resource grant logic block 42 according to the present inventfon. The embodiment of Figure 3D is similar to 
the embodiment of Figure 3 except that the queue position register 56 and its associated comparator 62 of the 
request logic block 40 are replaced with a request queue position register 200. The request queue position regi- 
ster 200 Is coupled to each of the request control logic device 52 and the data line 108 of the request bus 53 
and to a decrement logic device 201 and a comparator 202A. The comparator 202A is also coupled to the 
request control logic device 52. 

Moreover, the current queue position register 72 and the next available queue register 76 of the resource 
grant logic 42,as well as the associated increment logic devices 82, 88 and comparators 84, 90 are replaced 
by a single queue length register 202. The queue length register 202 is coupled to the data line 108 of the 
request bus 53 and tiie grant contrd logic 70. The queue length register 202 Is also coupled to each of an incre- 
ment logic device 203. a decrement logic device 204 and a comparator 205. The comparator 205 is also coupled 
to the grant control logic 70. 

In the operation of the distributed resource arbitration mechanism illustrated in figure 3D the flow of infor- 
nruition on the request bus 53 and grant bus 55 generally follows the cyde sequence of the distributed resource 
arbitration mechanism Slustirated in Figure 3. The request logic blocks 40 and grant logic blocks 42 must arbi- 
trate for the request bus 53 and grant bus 55 respectively, as in the embodiment of Fig. 3. 

However, with each new resource type request placed on the request bus 53 by a request logic device 40 
during cyde I.each grant control logic device 70 uses its comparator 92 to compare the resource type infor- 
mation on the grant bus 53 with the resource type information stored in the register 76. If there is a match, the 
grant logic device 70 operates the increment logic device 203 to increment the number stored in the queue 
length register 202 to indicate that there is now one more outstanding request for the resource type. During 
cyde 2, the grant control logic device 70 of the designated responder resource of the resource type causes 
the queue length register 202 to place the incremented queue length number stored therein onto the data line 
1 08 of the request bus 53. rather than the next avaOable queue number, as in the ennbodinDent of Figure 3. The 
request queue position register 200 of the request log ic device 40, which is coupled to the data line 1 08, receives 
and store the queue length number placed on the data line 1 08 during cyde 2. At this time, all of the grant logics 
42 for the same type of resource compare the number in their queue length register 202 with the number placed 
on the data line 1 08 using a comparator 206 to check for errors, as in the operation of tiie arbitration mechanism 
of Figure 3. 

During cyde 3. a grant logic device 42 whose associated queue length register 202 contains a number 
greater tiian zero, as indicated by the comparator 205 and whose resource is not busy arbitirates for the grant 
bus 55. Upon winning the arbitration, the grant control logic 70 puts the resource type infonmation stored in the 
register 76 onto the data line 114 of the grant bus 55. At the same time, each request logic device 40 must 
nrK>nitor the grant bus 55 for each broadcast of resource type infomr^tion and use the comparator 60 to compare 
the resource type infomnation on the bus 55 with the resource type information stored in the register 54. The 
request control logic device 52 of each request logic 40 having a match operates to control the decrement logic 
device 201 to decrement the number in the request queue position register 200. Each request grant logic 52 
having a match for the resource type information must tiien operate the comparator 202A to compare the num- 
t>er cunrently stored in the request queue positk>n register 200 to zero. The request control logic 52 that finds 
the number in its request queue register 200 to be equal to zero asserts a match signal on the match line 1 12 
of the grant bus 55. 
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position register 74 is placed onto the data line 108 of the request bus 53. The request control logic device 52 
receives the match signal 116 and latches the next avaflable queue position which was placed on data line 
108 of request bus 53 into the queue position register 56. 

Also during cyde 2, each of the resource grant logic Wocks 42 within Ihe requested resource type, operates 

5 the comparator 90 to compare the next available queue position number placed on the request bus data line 
108 against the number stored in its associated next available queue position register 74. The result of this 
comparison is sent to the grant control logic 70 to infonn the resource grant logic device whether an error has 
been encountered, i.e., whether the number in its next available queue position register 74 matches the number 
placed on the data line 1 08. If any of the resource grant logic blocks 42 detenmines that an error has occurred, 

10 then that grant control logic device 70 sends an error signal 120 to the eiror line 104 of the request bus 53, 
The monitoring of the responding resource grant logic block 42 by the non-responding grant logic blocks 42 
within the sanr>e resource type provides a necessary error detection method .Once the error check is completed, 
the next available queue position register 74 for each grant logic block 42 within there source type is then incre- 
mented by the increment logic device 88 to increase the number In the conresponding next avaflable queue 

15 position register 74 by one to provide the next queue position number for the next request directed to this 
resource type.The first two cycles are initiated by one of the request logic blocks 40 and occur on the request 
bus 53. Cycles 3 and 4 are initiated by one of the resource grant logic blocks 42 and occur on the grant bus 
55. 

To service any outstanding requests, the comparator 86 continuously compares the number stored in the 

20 current queue position register 72 against the next available queue position register 74. Whenever there is a 
difference between registers 72 and 74, I.e. indicating there Is a request to service, then the grant control logic 
device 70 checks the status line 28 from the resources 16 (See Rg. 1). Once at least one of the grant control 
logic devices 70 receives a not busy status signal on line 28 Indicating that the associated resource is available 
to service a request, and there is an outstanding request to be servrced as indicated by the comparator 86, the 

25 grant control logic device 70 associated with the available resource requests access to the grant bus 55. Arbi- 
tration among available resources to service the next outstanding request is accomplished by the grant bus 
arbiter 46 receiving a bus request signal 132 from the grant control togic device (devices) 70 and delivering a 
bus grant signal 1 34 to the grant control logic 70. 

It Is possible that more than one resource within a requested resource type will have a not busy status sig- 

30 nal. In this case, each resource grant logic block 42 arbitrates for the grant bus 55. The winning resource grant 
togic block 42 will be the one resource of the requested resource type to couple with the requester. For example, 
if "^PU" is a resource type and several CPU's are currently avaSable, the grant logic block 42 of each CPU 
wai request access to the grant bus 65. The grant bus arbiter 46 selects which CPU will drive the grant bus 55 
and therefore which CPU will provide the requested CPU service next Again, as noted above, the grant bus 

35 arbiter 46 may be any well known arbitration scheme and is preferably a replication of the request bus arbiter 
44. 

Upon receiving a bus grant signal 134, the third cycle(Cycle 3) in servicing the request begins. The grant 
control logic device 70 that wins the arbitration operates to place each of the cunrent queue position number 
from register 72 and the resource type information from the register 76 onto the grant bus 55 data line 114. 

40 The data line 1 14 can have a sufTicient number of indivkJual lines to accommodate both the current queue posi- 
tion number and the resource type information at the same time. Each of the other resource grant logic blocks 
42 uses its comparator 94 to compare the resource type infonnation on the data line 1 1 4 with the resource type 
infonnation stored in its register 76. All of the resource grant logic blocks 42 within the same resource type. 
i.e. those resource grant logic blocks 42 whose comparators 94 indicated a match, compare the curent queue 

45 position number against the number stored in their register 72 using comparator 84. If any inconsistency is 
found, then the grant control logic device 70 sends an ennor signal 124 onto the grant bus 55 error line 110. 
The error signal can be used to reset all of the registers and restart the resource arbitration mechanism. 

All of the request logic blocks 40 monitor the grant bus 55 and receive the cunrent queue position number 
and resource type number from the responding resource grant logic block 42 during the third cyde. Com- 

50 parators 60 and 62 in the request logic blocks 40 compare the resource type number and cunrent queue position 
number from the grant bus data line 1 14 against the numbers stored in the resource type register 54 and the 
queue position register 56, respectively. If both of these registers record a match of their respective resource 
type and queue positton numbers, then the request control logic device 52 sends a match signal 1 18 onto the 
grant bus 55 match line 112. 

55 During the fourth cyde (Cyde 4), each grant logic block 42 which matched the resource type in cyde 3 

operates the increment logic device 82 to increment the number in the cunrent queue positwn register 72. Also, 
in cyde 4, the request logic block 40 which drove the match line 1 12 places the requester ID register 58 onto 
the grant bus data line 114. The grant logic block 42 which won the arbitration to initiate cyde 3 places its 

10 
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The request logic block 40 includes a request control logic device 52, a resource type register 54, a queue 
position register 56 and a requester ID register 58. Comparators 60 and 62 are coupled to the resource type 
register 54 and the queue position register 56. respectively. A request bus arbiter 44 is further coupled to the 
request control logic device 52 in the request logic block 40. The request control logic device 52 has a control 

5 input to each of the registers 54, 56, 58. 

Altennatively, queue position register 56 may be called a'ticket number" register in order to emphasize the 
point that the numt}er stored therein represents a ticket number for use by the type of resource requested. The 
ticket number is a number that is given out by the grant logic circuits. The ticket number is selected modulo a 
number larger than the longest queue length desired. 

10 The resource grant logic block 42 includes a grant control logic device 70. a current queue position register 

72, a next available queue position register 74, a resource type register 76. a resource ID register 78 and a 
responder register 80. The resource type register 76 stores resource type information identifying the type of 
resource coupled to the grant logic block 42. The resource ID register 78 contains the infonfnation that uniquely 
identifies the actual resource component 16 which Is coupled to the grant logic block 42. Further, comparators 

15 84, 86. 90. 92 and 94 are coupled to the registers inside the resource grant logic 42 as aiustrated in Fig. 3. 
Also, inaement logic devices 82 and 88 are coupled to the current queue position register 72 and next available 
queue position register 74. respectively. 

Alternatively, cunrent queue position register 72 may be called a "currently serving number register" in order 
to emphasize the point that the resource type is ready to serve the value from this register that is broadcast 

20 on the grant bus 55. 

Also alternatively, next available queue position register 74 nr^y be called a 'next available ticket number 
register" in order to emphasize the point that the value broadcast on request bus 53 during cycle 2 is the next 
ticket number that the resource type has available to issue. 

A grant bus arbiter 46 is coupled to the grant control bgic device 70. Further, the grant control logic device 

25 70 has a control input to each of the registers 72, 74. 76. 78. 80 in the resource grant logic block 42. 

The common broadcast medium 50 includes a request bus 53 and a grant bus 55. The request bus 53 
further has a data line 108. which may include plural lines, a match line 106 and an enror line 104. Similarly, 
the grant bus 55 includes a data line 114, which again can t>e a plurality of lines, a match line 112. and an error 
line 110. The error and match lines 104, 106, 1 12 and 110 function as control lines for the data lines 108 and 

30 1 14 of the request and grant buses 53 and 55,respectively. The control lines for the request and grant buses 
53 and 55 send and receive signals from the request control logic device 52 and grant control logic device 70. 

The operatton of the electronic distributed resource arbitration mechanism will now be described with refer- 
ence to Figure 3. The queuing discipline obtained by the example shown in Figure 3 is a First In First Out (FIFO) 
arrangement In operation, a requester 1 2 (see Fig. 2) sends a request signal 22 to the associated request con- 

35 trol logic device 52 in the resource arbiter 10. Upon receipt of the request signal 22, the request control logic 
device 52 latches there source type 24 output by the requester 12 into the resource type register 54. 

At this time, the request control logic device 52 sends a bus request signal 128 to the request bus arbiter 
44. As described above, the request bus arbiter 44 can t>e any well known type of arbitration mechanism. For 
example, a round robin arbitration scheme can be used to prevent any particular requester from losing arbi- 

40 tration attempts for an extended perk>d of time. Upon winning the arbitration, a bus grant signal 130 is sent to 
request control logic device 52 whereupon the request logic block 40 obtains control of the request bus 53. 

The request logic block 40 then begins arbitration using a 4-cycle operation. During the first cyde (Cycle 
1 ). the resource type stored in the resource type register 54 is placed on the request bus 53 data line 108. During 
the same cyde. the grant logic block 42 at each resource of each resource type nvonitors the request bus 53 

45 to receive the resource type from data line 108 for input into the comparator 92. The comparator 92 compares 
the resource type received from the data line 108 to the resource type infonmation stored in the resource type 
register 76 of the grant logic block 42. This comparison is simultaneously done by all resource grant logic blocks 
42 coupled to the broadcast medium 50. However, only those grant logic blocks 42 of the same resource type 
will match the resource type infonmation placed on the data line 108 by the request logic block 40. The conn- 
so parator 92 sends a match/no match signal to the grant control logic device 70. Only those resource grant logic 
blocks 42 with a match signal continue with cyde 2. 

Because each resource type can indude multiple resources,the responder register 80 designates which 
resource grant logic block 42 within the resource type will output the match signal to the request bus 53. The 
designatbn of a responder within a type is arbitrarily established when the arbiter is initialized. At that time. 

55 exactly one responder register 80 must l>e set within all resource grant logic blocks 42 comprising the same 
resource type. 

During the second cyde (Cyde 2). the responding grant control logic device 70 asserts a match signal 122 
on the match line 106 of the request bus 53. At the same time, the number stored in the next available queue 
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Figure 3 shows an example in block diagram form of a request logic block 40 coupled to the comnrwn broad- 
cast medium 50 and operating to request a particular resource through a resource grant logic block 42 
associated with the resource type desired by the requester. The signals and cyde connections utilized in pro- 
cessing a request by the resource arbiter are also shown in Figure 3. 
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10 sends the requester ID 30 to the resource 16. the resource 16, having its own resource ID 32 (not shown) 
and the requester ID 30. can operate to directly access the requester 12 over the resource access path 14. 

Figure 1 C shows a block diagram of a further emtxKllment of the arbitration nnechanism of Figure 1. In Fig- 
ure IC.associated groups 34 of one requester 12 with one resource 16 are shown. The groups 34 allow for the 
5 case wherein a user of the arbiter can be tx)th a requester and a resource, e.g., a CPU, an I/O device, etc. Figure 
ID illustrates the case where the groups 34 can be of a particular resource type 18. 

Referring to Figure 2, there is shown a more detailed diagram of the resource arbiter 10. The resource arbi- 
ter 10 includes request logic blocks 40 and resource grant logic blocks 42. Each requester 12 is coupled to an 
associated request logic t>lock 40 and each resource 16 is coupled to an associated grant logic block 42. The 
10 request and resource grant logic blocks 40 and 42, respectively, are further coupled to a common broadcast 
medium 50. The request logic blocks 40 are also coupled to a conventional bus arbiter 44 while the resource 
grant logic blocks 42 are coupled to a conventional bus arbiter 46. These bus arbiters 44 and 46 are, for 
example, round-robin arbiters, fixed priority arbiters.polling with request snapshot arbiters, or any other well 
known type of arbiter. 

15 The common broadcast medium 50, which will be described in more detail below, may be a single bus, a 

plural bus, an Ethernet, a token ring structure, etc. Figure 2 shows a dual bus structure 53 and 55. The bus 53 
operates as a request bus and the bus 55 operates as a grant bus during the various cycles of the arbitration, 
as will appear. When a single bus ts used, the request signals and grant signals would be multiplexed onto the 
sinigle bus structure. Moreover, a single bus structure could be used in place of the common broadcast medium 

20 50 and the resource access path 14 with all of the signals relating to requests, grants and communications be- 
tween the requesters and resources being multiplexed onto the single bus structure as will be described in more 
detail below. 

The resource arbiter 10 may be in a single component arranged adjacent the resource access path 14 or 
distributed on a series of different logic boards, e.g., one per requester/resource, with each logic board located 
25 near its associated requester/resource. 

The operation of Example 1 of the invention is summarized in the upper entry of Tattle 1 . Referring to Table 
1, during Cyde 1 the requester broadcasts on the broadcast medium an indication of the resource type that 
the requester desires to use. This broadcast is done after a sub arbiter grants access to the broadcast medium 
to the requester. 

30 During Cycle 2, the grant logic of the requested resource type then immediately broadcasts, after being 

granted access by the sub arbiter to the broadcast medium, a ticket number. Also during Cyde 2. the request 
logic stores the ticket number as a stored ticket number. 

An a synchronous wait then occurs as an instance of there source type finishes serving a previous request, 
and thereby becomes ready to serve another requester. 

35 Cyde 3 then begins with a grant logic circuit, associated with the free instance of the resource type, broad- 

casting, after being granted access by a sub arbiter to the broadcast medium, the current serving number and 
an indk:ation of there source type. Also during Cyde 3 all request logic drcuits listen to the broadcast medium, 
and those waiting for the resource type indication contained in the broadcast compare their stored ticket number 
with the current serving number. The one request logic circuit having a nr^tch notes that fact. 

40 During Cyde 4 access by the requester to the available instance of the requested resource type is granted. 

The grant of access is fadlitated by the Path Controller having available the Requester ID and the Resource 
ID. 
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Brief Description Of Hie Drawings 

A more detailed understanding maybe had firom the following description of a preferred embodiment given 
byway of example ortly and to be understood In conjunction with the accompanying drawings wherein: like num- 
5 erals represent like parts in the several views and wherein: 

Figure 1 is a block diagram of a system having an electronic arbitration mechanism constructed according 
to an embodiment of the present invention. 

Figure 1 A is a block diagram of another embodiment of the system of Figure 1 . 

Figure 1 B is a block diagram of a further embodiment of the system of Figure 1 . 
to Figure 1C is a block diagram of yet another embodiment of the system of Figure 1. 

Figure 1D is a block diagram of still a further embodiment of the system of Figure 1 . 

Figure 2 is a detailed block diagram of the resource art)iter of Figure 1. 

Figure 3 is a detaHed block diagram of the artjitration logic and arbitration cycles of Figure 2. 

F^ure 3D is a detailed block diagram of another embodiment for the art)itration logic and artjitrahon cycles 

15 of _^ ^ ^^^^ ^ ^^^^ electionto art)itration mechanism and a cross bar switch 

coupling the requesters to the resources. ^ ^ ^ a- 

Figure 5 is a block diagram of an electronic art)itration mechanism according to a prefeired embodiment 
of the present invenlion used in a packet or circuit communication switch. 
20 Figure 6 is a block diagram of an electronic artMtration nriechanism according to the present invention used 
in a distributed wori<station system having a comirwn bus. 
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Detailed Description 

A first example of the invention is shown in Figures 1 through Figure 3. 

Referring to Figwel.there is shownabtock diagram of asystem having an electronic art)itraUon mechan-.. 
ism accoming to the present invention. A plurality of requesters Wentified (ID) as 1 through Wae coupted - 
via a resource access path 14 to a plurality of resources 16 having ID's = 1 through "n". In the iUustrated embo- 
diment, the resource access path 14 comprises a shared bus to selectively couple any one of the requesters 
12 to any one of the resources 16. The resources 16 can be grouped into resource types « 'dentfied as 
resource types 1 through V. The resource types may be. for example. CPUs, storage devioes and I/O devices 
or resources assigned particular tasks such as. for example, CPUs available for batch job processing, tele- 
phone hunt groups (also known as trunk groups), etc. As shown in Figure 1 . resource type 1 includes resources 
lehaving ID's=1 through V and resource type k includes resources 16 Wentified as T through "n . Arequester 
12 can <»mprise any device coupled to the resource access path 14. such as a CPU. which wants access to 

^ "^rdSib^ied resource art)iter. shown generally as block lO.is coupled to the requesters 12 and resources 
16 There source artriter 10 includes, in one embodiment, an access path controller 20. The resource artjiter . 
10 accepts requestsfrem each of the requesters 12 for access to any of there source types 18. The resource 
art)iter 10 provides source and destination infom«tion such as requester ID and resource ID information on 
lines 30 and 32. respectively, in a controlled order to the access path controller 20. The source and desbnaton 
information enables the access path controller 20 to control the resources access path 14 to couple a selected 
requester 12 to a requested resource 16 after the granting of the resource request of the selected requester 
12 bv the resource arbiter 10. . 

Whenever a requester 12 requires access to a resource 16. it sends a request signal 22 along with the 
type of resource 24 requested to the resource art)iter 10. The resource art)lter 10 monitors the status of the 
resources 1 6 to detemime if they are free or busy. The monitoring of the resources' status can be accomplished, 
for example, via a signal line 28 for each resource 16. Once the requester 12 has won the arb'^rataon 'n the 
resource artJiter 1 0. a grant signal 26 is returned to the requester 12. At this tirrje. es shown rn f^9"^« ^ ■ 
the requester ID 30 and resource ID 32 are output from the resource art)rter 10 to the access path controller 
20. The access path controller 20 then couples the requester 12 to the resource 16 via the resource access 

^fLtes 1A and IB illustrate further embodiments of the system of Fig. 1 wherein either the requester 12 
(Figure 1A)or the resource 16 (Figure 1B) is used to control the coupling of the requester 12 to the resource 
6 over the shared access path 14 in place of the access path controller 20. Figure 1A shows the resource 
art)iter 10 sending both the grant signal 26 and the resource ID 32 to the requester 12. In this method, the 
requester 12. having its own requester ID 30 (not shown) and the resource ID 32 can operate to directly access 
the resource 16 over the resource access path 14. Alternatively, as shown in Figure 1B, the resource art)iter 
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cast medium an indication that a free instance of the preselected type of resource is prepared to serve a reques- 
ter. The indication that a free instance of the preselected type of resource is prepared to serve a requester is 
hereinafter refenred to as a third queue position information. 

During a fourth cycle a means, responsive to the second queue position infonmation and responsive to the 
5 third queue position information, grants access to the selected one of the requesters to use the free instance 
of the preselected type of resource. 

In a first example a first in first out (FIFO) queuing discipline is provided by, the queue position infomnation 
broadcast during the second cyde by the grant logic circuit and stored by the request logic circuit is a ticket 
number for the resource type, where the ticket number is generated sequentially in ascending order. During 
10 the third cyde the grant logic circuit broadcasts the next sequential ticket number to be served along with an 
indication of the resource type that is free. And all of the request logic circuits read the broadcast from the broad- 
cast medium, and the one having a matching ticket number for the preselected type of resource notes this fact. 
During the fourth cycle access is granted through an access path. 

In a second example also providing a FIFO queuing discipline,the queue position infomiation broadcast 
IS during the second cyde by the grant logic circuit and stored by the request logic circuit is a queue length for 
the requested resource type. As another requester is added to the list of those waiting for that resource type, 
the queue length becomes one unit longer. During the third cyde the grant logic drcuit broadcasts the identi- 
fication of the resource type that has become available to serve a requester, and each request logic circuit wait- 
ing for that resource type decrements its stored queue length, and the one having the decremented value equ- 
20 aling a predetermined number notes that fact. In the fourth cyde access is granted to the requester to use the 
instance of the resource type, where the winning requester is the one having its decremented queue position 
equaling the predetermined number. 

In a third example, the queue length is broadcast during the second cycle as in Example 2, however the 
queue lengths are incremented by the request logic circuits during the second cyde, thereby giving a last in 
25 first out, LIFO, queuing disdpline. 

The access path between the requester and the instance of the resource nr^y be granted by enabling a 
crossbar switch. Alternatively, the access path may be a single wire bus, or may t>e a multi wire bus. 

A sub arbiter is used to arbitrate access to the broadcast medium for transfer of queue position informatbn. 
In the event that several instances of the requested resource type are available to service a request, the sub 
30 arbiter selects the instance that servk^es the request as the instance that wins the arbitration for the broadcast 
medium. 

Altematively, the broadcast medium may comprise two multi wire buses, referred to as a request bus and 
a grant bus. 

As a further alternative, the broadcast mediuinn may have more than two buses. 

35 As an aid to understanding the present invention, we now discuss an analogous method of distributed arbi- 

tration for arbitrating access to shared resources. A distributed arbitration scheme used for many years in retail 
stores such as, for example a bakery, operates as follows. Each customer takes a numbered ticket upon enter- 
ing the bakery .There are a numt>er of counters, the cookie counter, the bread counter, the doughnut counter. 
Each different counter represents a resource type. Each derk working at a specific counter is an instance of 

40 the resource type of the counter.Each customer, or requester, for the cookie counter receives a queue number 
for the cookie counter, each custonner for the bread counter receives a queue number for the bread 
counter,each customer for the doughnut counter receives a queue number for the doughnut counter, etc. And 
the respective queue numbers may be written on color coded tickets, for example, a green ticket may represent 
the cookie counter, a red ticket may indicate the bread counter, a yellow ticket may indicate the doughnut 

45 counter, etc. That is. the ticket is color coded in order to indicate resource type. The ticket color is a resource 
type identification code. 

There are various ways that the ticket numbers can be arranged, for example, there may be different color 
rolls for each counter with each roll being numbered in sequence. 

The customer holds his ticket in his hand, keeps it in his pocket, memorizes the number, etc. The customer 

50 then waits asynchronously until his number is called from the appropriate counter, and he compares the called 
numt>er witii his ticket number in order to know that his number was called. The customer steps up to the 
counter, shows his ticket number, and access to the resource type is granted. There may be several derks 
working at a counter, and each cleric is an instance of the resource of the counter. Since the customer does 
not care which derk waits on him, the first available instance of the resource type handles his purchase. 

55 An alternative queuing disdpline may t>e selected by adopting a desired order in which numbers are called 

out. For example, favored customers may be given a priority status by having their ticket number called out 
first. 
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tralized scheme, requesters are separate from the arbiter and the arbiter is solely responsible for implementing 
the designated arbitration scheme. In distributed arbitration.however. the arbiter logic is distributed or divided 
throughout the system so that logic is closely associated with each requester and or each resource. Therefore, 
each requester is responsible for implementing a designated portion of the arbitration protocol. Both centralized 
5 and distributed arbitration schemes have advantages depending upon the specific application. The main dif- 
ferences are in the number and type of signal paths between requesters and the arbiter and in their fault toler- 
ance characteristics. 

All of these arbitration schemes, however, tend to be limited and are not acceptable either in rapid arbi- 
tration for computer communications or when used with a computer system having a large number of requesters 
10 and resources, or systems with multiple types of resources. For example. In prior arbitration schemes, when 
multiple resources having multiple instances were involved, multiple arbiters were frequenUy duplicated for 
each resource type, thereby increasing the cost and resulting in burdensome redundancy in the system. 

Summary Of The Invention 

15 

There is provided a fast arbiter capable of being easily scaled to both large numbers of requesters and 
large numbers of types of resources where there are multiple instances of each type of resource, and also the 
arbiter has a selectable queuing discipline. 

The invention In its broad form resides in a method and apparatus for arbitrating for establishment of access 

20 between a plurality of requesters and a plurality of types of resources, each said type of resource having at 
least one Instance, said apparatus characterized by. a request logic circuit coupled to each said requester.the- 
reby fortning a plurality of said request logic circuits; a grant logic circuit coupled to each said instance of said 
plurality of types of resources, thereby fonming a plurality of said grant logic circuits; a broadcast medium for 
transferring information among said (iurality of request logic circuits and said plurality of grant logic circuits; 

25 means, responsive to a selected one of said requesters desiring to use a preselected type of resource, for said 
request logic circuit coupled to said selected requester to broadcast a request onto said broadcast medium for 
said preselected type of resource; means, responsive to said broadcast of said request, for a first grant logic 
circuit to broadcast queue position informatton on said broadcast medium for said preselected type of resource, 
said queue position information for said preselected type of resource is hereinafter refenred to as a first queue 

30 position infonmation; 

means, responsive to said broadcast of said first queue position infomiation, for said request logic circuit coup- 
led to said selected requester to store said first queue position information, said stored queue position infor- 
mation hereinafter refen-ed to as a second queue position information; means, responsive to an instance of 
said preselected type of resource becoming free and prepared to serve a requester, fora second grant logic 

35 circuit to broadcast on said broadcast medium an indicatkin that a free instance of said preselected type of 
resource is prepared to serve a requester, said indication that a free instance of said preselected type of 
resource is prepared to serve a requester is hereinafter referred to as a third queue position infonnation; means, 
responsive to said second queue position infonmation and responsive to said third queue position infonnation, 
for granting access to said selected one of said requesters to use said free instance of said preselected type 

40 of resource. 

Apparatus for arbitrating.access among a plurality of requesters and a plurality of types of resources, each 
type of resource having at least one instance, is provided by a request logic circuit coupled to each requester . 
thereby forming a plurality of request logic circuits; a grant logic circuit coupled to each instance of the plurality 
of types of resources, thereby forming a plurality of grant logic circuits; a broadcast medium for transferring 
45 infonnation among the plurality of request logic circuits and the plurality of grant logic circuits. 

During a first cyde. request logic circuits provide a means.responsive to a selected one of the requesters 
desiring to use a preselected type of resource, for the request logic circuit coupled to the selected requester 
to broadcast a request for the preselected type of resource onto the broadcast medium. 

During a second cycle grant logic circuits provide a means,respons*ive to the broadcast of the request, for 
50 a first grant logic circuit to broadcast queue position information on the broadcast medium for the preselected 
type of resource, and the queue position information for the preselected type of resource is hereinafter refen-ed 
to as a first queue position infonnation. Also, during the second cyde, there is a means, responsive to the broad- 
cast of the first queue position infonnation, for the request logic drcuit coupled to the selected requester to store 
the first queue position information, the stored queue position infonnation hereinafter refened to as a second 
55 queue position infonmation. 

After an a synchronous wait for an instance of the requested type of resource to become free, a third cyde 
begins wherein a means, responsive to an instance of the preselected type of resource becoming free and prep- 
ared to serve a requester, fora grant logic drcuit, assodated with the free instance, to broadcast on the broad- 
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Field of the Invention 

This invention relates to electronic system arbitration for one or more shared resources, and niore particu- 
larly to systems having a large number of requesters, multiple instances of resources of different types and the 
5 requirement of fast arbitration. 

Background 

In modem electronic systen^, resource arbitration is often required to determine the order in which reques- 
10 ters will have access to shared resources. As the size increases in electronic systems, for example computer 
systems, or for a second example, communication systems including telephone systems, or for a further 
example, computer local area networks and wide area networks, the number of requesters becomes large and 
also the number of resources becomes large. The resources may be divided into distinct types with multiple 
instances of many of the types. Arbitration for the resources becomes more difficult as the number of requesters 
15 and the number of resources both become large. 

Also, in computer communications the arbitration process must be fast because the connect time for trans- 
mission of a data packet may be only a few microseconds to a few milliseconds. And the arbitration must be 
fast enough to provide efficient switching for such short connect times. 

The combination of fast arbitration for targe numbers of requesters and resources puts a severe strain on 
20 arbiter design, and present arbiters are either too slow or do not scale well to large numbers of requesters and 
large numbers of resource types, each with multiple instances. 
Examples of known arbitration systems follow. 

As a first example of a known arbitration system, one type of resource arbitration is known as round-robin 
polling. In the round-robin polling scheme, all requesters for the shared resource are either logically or physically 
25 arranged into a ring. The arbiter polls the requesters in the order in which they are arranged in the ring. The 
arbiter grants access to the shared resource to the first requester in the ring which has an active request When 
a requester has finished with the resource, the arbiter resumes polling at the next requester In the pre-estab- 
lished order. An example of a distributed round-robin polling scheme is a token-passing local area network such 
as IEEE standard 802.5. 

30 As a second example of a known arbitration system, another type of resource arbitration is known as fixed- 

priority polling. This schenne is similar to round-robin arbitration except that when the shared resource becomes 
free, the polling of the requesters always restarts at a constant pre-designated point, i.e., the requester having 
the highest priority. 

As a third example of a known arbitration system, this fixed priority polling Is also done with "request snap- 
35 shots" which attempt to prevent any particular requester from being unable to obtain access to a shared 
resource for an extended period of time. This can happen, for example, to low priority requesters In the fixed- 
priority polling scheme. 

In the snapshot scheme, a "snapshor of all outstanding requests is taken after all requests of a previous 
"snaps hot"have been serviced. All of the requests in the "snapshot"are then serviced according to the desig- 

40 nated polling discipline. Any new requests which occur during the tinr>e period after the "snapshot" is taken are 
inhibited or ignored until the next snapshot is taken. The request snapshot scheme guarantees that even the 
lowest-priority requester will be serviced so long as its request appears in a snapshot Further, all requesters 
will each receive the shared resource no nK>re than once per snapshot. An example of a distributed fixed-priority 
polling scheme with snapshots is the IEEE P1196 NuBus scheme. 

45 As a fourth example of a known arbitration system, another arbitration scheme, called contention arbi- 

tration, permits one or more requesters to attempt to seize the shared resource at any time when the requesters 
perceive that there source is available. A potential problem with this scheme. however, occurs when two or more 
requests collide with each other without anyone gaining access to the shared resource.Schemes have been 
developed to overcome this obstacle so that when a collision does occur, the requesters involved follow a desig- 

50 nated policy for re-attempting their request This policy can include waiting for a random time interval after the 
collision is over before regenerating the request An example of contention arbitration is the IEEE 802.3 stan- 
dard Ethernet Canrier-Sense-Multiple-Access/Collision-Detect scheme. 

As a frftfi example of a known arbitration system, a still further method of resource arbitration is known as 
queuing. In the queuing scheme, all requests are entered into a storage area called a queue. Requests are 

55 serviced from the queue according to a designated queuing discipline with the most common queuing discipline 
being a first-come, first-served policy. There are a variety of ways to implement a queue scheme, including the 
use of shift register menfK)ries, circular buffers, and linked lists. 

Arbitration schemes are further classified as either centralized or distributed arbitration schemes. In a cen- 
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